Lactation means of somatic cell scores from sample days were used to estimate the components of variation for additive genetic, permanent environmental, and herd-sire interaction effects. Abbreviation key: LSCS = arithmetic mean of sample day, log2-transformed SCC for a lactation, SCS = sample day, logz-transformed SCC.
INTRODUCTION
Genetic evaluations for somatic cells in milk of US dairy cattle are being developed by USDA (H. D. Norman, 1993, personal communication). These evaluations will parallel current genetic evaluations for yield traits. However, much less is known about the genetics of somatic cells than about milk, fat, and protein yields; genetic information about somatic cells for US dairy breeds other than Holstein is especially scant.
One indicator of mastitis is SCC. Sample day, logz-transformed SCC, often called linear somatic cell score (SCS), is the preferred trait for selection for mastitis resistance (1, 13, 14, 16). The use of SCS has been accepted by the National Cooperative DHI Program (12), and the arithmetic mean of SCS for a lactation (LSCS) often has been used as the lactation measure of somatic cells in milk (2,3,4,9, 10, 11, 19, 22) . Indeed, using SCS as an indicator trait for selection against mastitis has several advantages over direct selection to reduce clinical mastitis. Measurement of SCS is less expensive and more consistent than is assessment of clinical mastitis, which may explain higher estimates of heritability for SCS than for clinical mastitis (6, 16, 18) . Also, SCS has a high correlation with bacteriological status of milk and, thus, to subclinical mastitis (18), which accounts for a major portion of economic loss from this disease. Recent REML estimates of heritability for LSCS have ranged from .05 to .27 (2, 3, 5, 6, 10, 18, 19). Earlier studies (4, 15) used sire models or relatively small numbers of records because of limited availability of somatic cell information and computational constraints. Boettcher et al. (3) estimated the heritability of LSCS from first lactation for Holsteins in five regions of the US and also combined data for a national analysis. Heritability estimates ranged from .08 to .16 for the five regions; the national estimate was .lo.
Advances in computer resources and programming techniques have made variance component estimation with animal models more feasible (' 7). Da et al. (5) found heritability of LSCS to be . 12 by using an animal model with 13,017 records of 5278 cows. They included up to 4 records per cow and found that the component of variation from permanent environment was .27. Herd-sire interaction is used in current USDA genetic evaluations for yield traits to account for genotypeenvironment interaction (21) . Da et al. (5) Initial data requirements were sire identification for cows with records, LSCS from 0 to 9.99, and reported number of sample days 9). Only a single sample day per lactation was required so that short records of cows culled for mastitis early in lactation would not be eliminated. The LSCS records were compared with records of milk yield currently used in genetic evaluations to ensure the integrity of identification, parentage, and birth and calving date information and the usability of yield Cows were assigned to regions according to state code (Figure 1) . No records were received from some states in the Midwest and West. Classes for age and month of calving were defined within region. Age classes ( Table 1) were defined as by Boettcher et al. (3). Records were assigned to 1 of 12 monthly calving classes in each of the four regions for a total of 48 classes. Because of small numbers of records per age-region class for the Ayrshire, Brown Swiss, and Milking Shorthorn breeds, regions were combined so that age effects were national for these three breeds. For all breeds, records were deleted if there were e5 records per herd-year of calving or 4 0 records per age-region or calving month-region. Requiring a minimum number of records for each herdyear, age-region, or calving month-region had the greatest impact if total available records were few. Thus, a higher percentage of records was eliminated for Ayrshires, Brown Swiss, and Milking Shorthorns.
To reduce the probability of bias from cows culled for mastitis, lactations later than first were considered only if a record from first lactation also was present. The maximum number of records per cow was 5 because of the relatively short time from earliest to most recent records (1987 to 1991). Numbers of records passing final edits are in Table 2 for breeds other than Holstein.
Holstein data were divided into 10 data files by last digit of herd code because estimation of variance components with an animal model and all data would have required more than the 512 MB of computer memory available for computations. Three of the data files (last digit of herd code = 3, 6, or 9) were used for estimation of variance components, and all Holstein data were used to derive solutions for effects of age and month of calving and to obtain breeding values with BLUP. Numbers of all Holstein records and of those in the three data files used to estimate variance components are in Table 3 .
The model used for analyses was similar to that currently used for USDA genetic evaluations for milk yield (23) except that effects of age and month of calving were included because records were not preadjusted for these two effects:
where y i , m o = LSCS record adjusted for length of lactation of a cow (daughter o of sire n) that calved in region m, age class k, month 1, year j, and herd i; h = effect of herd and calving year; r = effect of calving age class and region; t = effect of calving month and region; c = random herd-sire interaction effect; p = random permanent environmental effect; a = random additive genetic effect; and e = random residual effect.
Numbers of levels of effects are in Table 2 for breeds other than Holstein and in Table 3 for Holsteins. Because of overlap of sires for the Holstein data files used to estimate variance components, numbers of levels for additive genetic effect are much greater than .1 as many as for all Holstein data The number of permanent environmental records is equivalent to the number of cows with records for each breed. included back to at least 1950 to account for most relationships. Female pedigrees were ignored except for dams of sires with >1 progeny because females would contribute relatively fewer relationships at a large cost in computational memory. Additive genetic effect also included unknown-parent groups (20) . Variance components for random additive genetic, permanent environmental, herd-sire interaction, and residual effects were estimated with an expectation-maximization type REML algorithm developed by Misztal (7) . This algorithm inverts the coefficient matrix with sparse matrix techniques. Rate of convergence is improved by modified Aitken extrapolation. The convergence criterion was that variance estimates changed <.l% between rounds of iteration. Variances were first estimated for additive genetic, permanent environmental, and residual effects by using the model with herd-sire interaction effect excluded. Prior variances were .12 for additive genetic, .15 for permanent environmental, and .73 for residual effects relative to a phenotypic variance of 1.00. The expectation-maximization type REML estimates of variance from the model without herd-sire interaction effect were used as prior variances for the full model with 5% of the residual variance assigned to herd-sire interaction.
RESULTS AND DISCUSSION
Percentages of LSCS records from each region by breed are in Table 4 . The largest Herd-sire interaction expressed as a ratio to phenotypic variance ranged from .002 for Guernseys to .041 for Ayrshires. With herdsire interaction included in the model, heritability estimates decreased but always by less than the amount of variation repartitioned to the herd-sire effect. When the full model was used, changes in permanent environmental and cow effects were small, <.01, compared with results from the model without herd-sire interaction.
Heritability estimates for the three Holstein data files used to estimate variance components ranged from .098 to .lo8 (Table 6 ) if herd-sire interaction was not included in the model. Mean of estimated heritabilities for LSCS was .lo3 with a standard error of .003.
Previous estimates of heritability for US Holsteins from models without herd-sire interaction were slightly higher and averaged about .12 (2, 3, 5, 10, 19) . In those studies, estimates were separate for parity, which may account Figure   2 for Holsteins and in Figure 3 for Jerseys. Solutions are reported relative to the mean solutions for age within region. Age solutions for Holsteins were quite similar for all regions except that LSCS was slightly higher for cows calving in the West from 35 to 55 mo of age. The small number of records for cows calving in the older age classes may explain the divergence of the age curves at calving ages >60 mo. Age curves for Jerseys also were similar solutions for Ayrshire, Brown Swiss, and Milking Shorthorn were more like those for Holsteins.
Solutions for calving month are in Figure 4 for Holsteins and in Figure 5 for Jerseys. Solutions are reported relative to the mean of monthly solutions within region. The ranges of solutions for calving month were smaller than those for calving age. Holstein LSCS tended to be highest for cows calving during the summer and lowest for cows calving during October and November. Seasonal impact was largest for cows in the Southeast. The curves show LSCS initiated during the designated month rather than SCS from samples taken during only that month. Mastitis infection at calving probably is greater during summer and causes sample day SCS to be much higher early in lactation and somewhat higher throughout the remainder of lactation. Similar seasonal effects on SCS have been reported (3, 5, 18, 22) . Solutions for Jerseys were similar to those for Holsteins, although curves were not as consistent.
CONCLUSIONS
Heritabilities and repeatabilities for LSCS were similar for six breeds of dairy cattle in the US. Techniques for estimation of variance components allowed for use of larger data files over a longer time, but estimates were similar to those in previous reports (2, 3, 5, 10, 18, 19). Multiple lactations were included by using single-trait repeatability models, which likely produced slightly lower estimates of heritability than in previous reports. Ultimately, animal evaluations should consider LSCS from different parities as multiple correlated traits, but initial evaluations based on a single trait and using repeated records are feasible and are expected to be nearly as effective. Estimates of genotype-environment (henhire) interaction were small, but inclusion of this effect for animal evaluations may still be needed to limit the impact of a single herd on the PTA of a particular sire. For genetic evaluations for milk yield, herd-sire interaction is assumed to be .14 of phenotypic variance (21), but actual estimates are about .02 (2) . The variance assumed is considerably higher than estimated because it is thought to be effective for improving evaluations of bulls used in a limited number of herds. This study suggests that variances (standardized to a phenotypic variance of 1) are .09, .21, and .02 for additive genetic, pennanent environmental, and herd-sire interaction effects, respectively, for genetic evaluation from repeated records of LSCS for Holsteins.
The heritability of .09, although lower than heritabilities for other yield traits (lo), would allow genetic progress in reducing LSCS. For genetic evaluation procedures, short records will be given less weight than complete records. If higher variation in short records reduced the estimate of heritability in this study, a slightly higher heritability of . 10 to Journal of Dairy Science Vol. 77, No. 1, 1994 .12 could be justified in implementation of evaluation procedures. The correct emphasis to place on LSCS in breeding programs has been discussed in other studies (8, 16) .
Adjustments for age at calving should account for breed differences (Jersey and Guernsey versus other breeds). Effects of calving month were smaller than those for calving age and were similar for all breeds. The trait used in this study was the simple mean of sample day SCS from a lactation. If all sample day records were available, records could be adjusted more accurately for stage of lactation and sample month, which likely would reflect true climatic effects better than would calving month. The LSCS records could also be weighted according to the number of sample days that contribute to the lactation measure as previously proposed by Wiggans and Shook (22) .
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